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AIRBORNE METEOR OBSERVATIONS 
AT HIGH LATITUDES 

SUMMARY 

An experiment conducted by the Space Sciences Laboratory of the 
Marshall Space Flight Center was placed aboard the 1969 NASA Airborne 
Auroral Expedition. The experiment consisted of two low light level TV sys- 
tems , an image orthicon and a secondary electron conduction (SEC) vidicon- 
intensifier, forthe purpose of making meteor and auroral studies. The obser- 
vations were undertaken aboard a Convair 990 aircraft at latitudes between 
50 and 80 deg. 

The meteor data were analyzed with a total of 997 meteors detected. 
The meteor flux recorded by the SEC vidicon camera averaged 61.8 meteors 
per hour while that recorded by the image orthicon was  27. 6 meteors per hour. 
The vidicon constituted a better meteor detector because of its ability to detect 
fast-moving objects. The results indicated that the large majority of meteors 
originated in the ecliptic plane with only a relatively small component of high 
inclination meteors observed. When displayed with local time , an increase 
of meteor rates was apparent in the early morning hours; a peak was  reached 
around 0400 hr. Additional observations from lower latitudes a re  required 
in order to establish any definite latitude effect. However, the meteor flux 
rates obtained during the Auroral Expedition a r e  lower than those recorded in 
Arizona in October 1969. 

INTRODUCTION 

A number of means have been used to investigate the near-earth meteor- 
oid environment. Among them, photographic observations [ 11 have provided 
considerable information for meteors with masses of lo-' g and larger. Pene- 
tration sensors located aboard spacecraft have measured the influx rates of 
meteoroids in the range from 
investigate meteors with masses of 

to lo-' g [ 2,31. Radar has been utilized to 
to loq6 g [41. 

Severe selection effects [ 53, however, inherent in the radar data have 
led to the desirability of using an alternate, optical means of investigation in 
this mass region. Such a means is suggested with the use of low light TV 
systems. Observations utilizing these systems have proved their effectiveness 
in the gathering of meteor data [6-81. 
may ultimately extend optical measurements of faint meteors to lo-* g. Such a 

The use of low light level TV systems 
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system coupled with fast optics has been developed for  use by the Space Sciences 
Laboratory of the Marshall Space Flight Center during the past 2 years. 

The Marshall Space Flight Center participated in the 1969 NASA A i r -  
borne Auroral Expedition for  the purpose of making low light level TV obser- 
vations of the aurora and of the meteor flux at high latitudes. The experiments 
were conducted with the use of an image orthicon and an SEC vidicon-intensifier. 
Observations were made between November 24 and December 18, 1969, aboard 
NASA 711, a Convair 990 aircraft, flying at altitudes approaching 12 192 m 
(40 000 f t )  . This report will be concerned with the results obtained from the 
meteor experiment. The data will serve as input to a comprehensive study of 
the meteoroid environment made with low light TV systems. A l l  auroral data 
will be presented separately by a different author. 

THE EXPER IMENT 

Objectives 

The Auroral Expedition presented a unique opportunity to observe the 
influx rates of meteors at latitudes in excess of 50 deg. In addition, informa- 
tion could be gathered regarding diurnal and directional effects upon the data. 
The high altitudes flown by the aircraft afforded seeing conditions superior to 
those of previous ground-based observations made from Huntsville, Alabama. 
Furthermore, the expedition provided one of the first tests of the SEC vidicon 
used as a meteor detector as well as the first opportunity to compare the data 
obtained with this system to those observed simultaneously with an image 
orthicon. 

Eq u i p m en t 

The Marshall Space Flight Center experimental equipment consisted of 
two low light level TV camera chains: an image orthicon manufactured by 
Maryland Telecommunications, Inc. , employing a General Electric 7967 tube, 
and an SEC vidicon-intensifier fabricated by Commercial Electronics utilizing 
a Westinghouse WL 32000 vidicon tube (a  WL-30691 tube coupled to a WX 
30677 single-stage image intensifier). The image orthicon and the SEC vidicon, 
both used for low light level applications, differ in target composition and 
construction as well as in the method of signal formation. Descriptions of each 
system are available in literature and will not be given here [ 9, IO]. A bright 
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meteor observed with the image orthicon is seen in Figure 1. Enlargement of 
the meteor image is due to a blooming effect of the tube. 

Both cameras were  fitted with 105 mm f/O. 75 Delft Rayxar lenses. 
Each system w a s  directed at the zenith through an optical glass window, al- 
though the optical axes of the two systems were  shifted with respect to each 
other by approximately 1 deg. A filter box containing an adjustable aperture 
was  placed in front of each lens in order to examine particular spectral regions. 
The adjustable aperture was  used to compensate for the varying intensity of 
both the aurora and the nighttime sky background in order to produce an opti- 
mum picture. Stray light from inside the aircraft was prevented from reach- 
ing the systems by vinyl boots attached between the filter boxes and the windows. 

Resul ts  were  observed on Conrac monitors and were  video taped by 
Ampex 660 C tape recorders with bandwidths of 4 . 2  MHz. 
tional data as well  as descriptive comments were recorded on the audio chan- 
nels of the video tape. Additional monitors w e r e  placed throughout the airplane 
to allow other experimenters to correlate their experiments with a real-time 
picture of overhead phenomena. A schematic of the experimental apparatus is 
portrayed in Figure 2. Figure 3 and 4 show the equipment as actually mounted 
aboard the aircraft. The foreground of Figure 3 shows the console containing 
camera control units and monitors. The image orthicon appears in the back- 
ground above the console and in front of the SEC vidicon. 

Timing and posi- 

Approximately 45 hr  of data w e r e  recorded by each system throughout 
a total of 14 flights occurring between November 24 and December 18. Nearly 
all flights were  made between 50 and 80 deg of latitude. A typical flight path 
is shown in Figure 5. Individual observations lasted a s  long as 6 hr. 

ANALYS I S  PROCEDURES 

Of the 45 hr  of data recorded by each system only 21. 3 and 11.7 h r  of 

Of these, I O .  6 hr  were  recorded simul- 
data recorded by the image orthicon and SEC vidicon, respectively, were  con- 
sidered usable for  meteor analysis. 
taneously. 
the stringent requirements concerning the darkness of the nighttime sky needed 
for the observation of faint meteors. Analysis w a s  halted at any time that sky 
conditions deteriorated to the point where the limiting .magnitude of stars was  
brighter than 9 . 5  or  where obfuscating aurora might appear on any part of the 
video monitor. Moonlight, aurora, occasional haze, any use of filters, and 
occasional equipment failure were  contributing factors to unacceptable analy- 
sis conditions. 

The reduction in time of usable meteor data occurred because of 

3 



I 

Figure I. Sequence of photographs taken of a TV monitor as a bright meteor 
passed through the field of view of an image orthicon. 



~- - . . ..... .... .. 

Figure 2. Schematic of equipment used to make TV 
observations of meteors and aurora. 

Analysis of the video tapes was  accomplished manually. Teams of 
three or more observers scanned overlapping areas on a TV monitor. When 
an event was ascertained as a meteor, its position on the monitor, apparent 
direction of flight, notation concerning brightness and speed, and position on 
tape (or  tape index) were  recorded. The universal and local times of each 
meteor were  calculated from a correlation of timing information and the tape 
index. 
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Figure 3. Actual equipment used aboard the aircraft. 

It was  found that a second scanning of the vidicon and orthicon video 
tapes by the observers increased the total detected number of meteors by an 
average 18 percent. A third scanning of the tapes , however , increased the 
totals only negligibly. As will be shown later, the SEC vidicon forms a better 
meteor detector than does the image orthicon. 
vidicon data formed the basis of most analyses performed on the data, and all 
vidicon tapes were scanned a second time. Those resulting from image 
orthicon observations were  scanned only once. A listing of all observed 
meteors is found in the appendix. 

For this reason, the SEC 
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Figure 4. Video tape recorders used to record TV observations 
stored in the cargo hold. 

While the manual scanning of tapes for meteors is somewhat tedious 
and time consuming, it is felt that this is the most accurate detection method 
available at the present time. The ability of the eye to discern fast moving 
objects allows it to distinguish meteors near noise level. To date there is no 
automatic means available for the detection of very faint, fast moving objects 
on a TV monitor. 
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ECEMBER 8, 1969 ti"-..- 

Figure 5. A typical flight path flown by the NASA 711 aircraft 
during the 1969 Auroral Expedition. 
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RESULTS 

Comparison of t he  Two Systems 

A total of 7 meteors were observed throughout the expedition by the 
two systems. Of these , 328 were observed by both systems; 399 , by the SEC 
vidicon alone; and 270, by the image orthicon alone. However, these data 
include intervals during which only one system was  taking data acceptable for 
meteor analysis. When only simultaneous observations a re  considered, the 
results indicate that of the 689 meteors recorded 328 were recorded by both 
systems; 327, by the SEC vidicon only; and 34, by.the image orthicon alone. 

The fact that the optical axes of the two cameras were shifted by a 
degree may account for most , if not all, of the meteors recorded by the' image 
orthicon but not seen by the SEC vidicon. However, this cannot account for the 
extremely large number of meteors detected by the SEC vidicon alone nor 
would the predictable addition of meteors resulting from a second scanning of 
image orthicon tapes provide a sufficient increase in numbers. It can only be 
concluded that a large number of meteors recorded by the SEC vidicon a re  
below the detectability threshold of the image orthicon. A s  both systems are 
simultaneously able to detect stars to the same limiting magnitude, the differ- 
ence must lie in the relative abilities of the two systems to detect fast moving 
objects. 

The faster the angular rate of an object at constant brightness, the 
fainter it appears to the TV system. This results from the fact that a faster 
object has a faster writing speed across the photocathode and hence deposits 
fewer photons in each resolving element. The relationship of the log intensity 
to the log angular rate when plotted forms a straight line, the slope of which 
is dependent upon the nature of the TV system. The slope of this line for an 
SEC vidicon is less  severe than that for the image orthicon, thus, the better 
detectability of the vidicon .for fast moving objects. Calibrations of both 
systems are continuing in order that a valid comparison might be drawn, the 
results of which will be reported in the future. 

An example of the relative detecting abilities of the SEC vidicon and 
the image orthicon of a very fast moving object is shown in Figures 6a and 6b. 
The figures portray the photometric light curves obtained from a meteor 
moving across the field of view at 37 deg/sec. While a definite spike is 
apparent from the vidicon data, the meteor is lost in the noise during image 
orthicon observations. 
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(a) SEC vidicon-intensifiei 

(b) Image orthicon 

Figure 6. Comparison of the light curves of a very fast meteor recorded 
by the two TV systems (both scales are  2 V/cm). 

The overall flux rate detected by the SEC vidicon during the Auroral 
Expedition was 61.8 meteors per hour. The rate recorded by the image 
orthicon was 27.6 meteors per hour. The fluxes observed during simultaneous 
observations were  63.6 and 35.1 meteors per hour recorded by the vidicon 
and image orthicon, respectively. 

10 



Diurnal Effects 
The universal and local times throughout which meteor observations 

were made are  shown in Figure 7. Occasional breaks in the data a re  not' 
denoted. It should be noted that local times of observations a re  strongly de- 
pendent upon the flight path of the aircraft at high latitudes. llDaytimell obser- 
vations were allowable because of the combination of seasonal and high latitude 
effects. 

The local time distribution of meteoric flux was calculated from a con- 
sideration of the universal time and the position of the aircraft during each 
moment that a meteor was detected. Depending upon the latitude and the direc- 
tion of flight, the rate of progression of local time varied considerably with 
that of universal time; e. g. , a 6-hr flight could conceivably be completed with- 
in i h r  of local time, etc. Once the local time of each meteor w a s  calculated, 
a local time distribution was determined. The results a re  shown in Table 1 
where the data for each camera a re  distributed by flight number giving the 
duration of elapsed time spent within each hour of local time, the number of 
meteors observed within that time, and the resulting flux. 
hour of local time a r e  then totaled over all flights and the resulting flux for 
that hour calculated. These data, forming a composite distribution of all 
flights, are then presented in Figure 8. 

The data for each 

The figure portrays the hourly meteor flux observed by each system 
between the local times of 2000 and 0700 hr. No SEC vidicon results are  
available at OiOO h r  accounting for the gap at that time. The figure demon- 
strates the consistently lower number of meteors recorded by the image 
orthicon when compared to the SEC vidicon results. 

The ratio of meteor fluxes observed by the SEC vidicon to that of the 
image orthicon ranges from 1. 78 in the late evening hours to 2.51 in the early 
morning indicating an increase during the early morning hours of a meteor 
component with higher angular rates. This is most likely because of the 
higher incidence during those hours of meteors with retrograde orbits entering 
the terrestrial  atmosphere with high velocities. 

Meteors entering the atmosphere at high velocities will release more 
energy per unit time and thus appear brighter. Thus, a number of meteors 
with magnitudes below the threshold of detectability at other times will  be- 
come observable during the early morning hours. This, in part, accounts for 
the dramatic increase in meteor rates from 0200 to 0400 hr. The possibility 
that the earth actually intercepts more meteors during this interval may also 
be a major factor. 
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TABLE 1. LOCAL TIME DISTRIBUTION RESULTS 

SEC Vidicon Im :e Orthicon 
Duration 

(min) 
Duration 

(min) 

- 

Number Flight Number 

9 
9 

40.4. 
40. 4 

13.35 
13.35 

1.77 
1.77 

11 
Total 

11 
Total 

3 
3 

101.7 
101.7 

7 
Total 

6. 97 
6. 97 

3 
3 

25. 8 
25. 8 

13.36 
13.36 

2 
2 

9.0 
9.0 

5 
7 
8 

Total 

101.38 
120.14 
21. 16 

242.68 

17 
36 
9 

62 

~ 

10.1 
18.0 
25. 5 
15. 3 

101.20 

101.20 

32 

32 

19.0 

19. 0 

5 
6 
7 
8 
9 

11 
Total 

38.45 
20.98 
32.46 
42.14 
33.08 

167.11 

6 
8 

12 
11 
8 

45 

9. 4 
22. 9 
22. 2 
15.7 
14. 5 

16.2 

32.67 
29.25 
23.57 
16.97 

102.46 

18 
15 
11 
13 
57 

33. 0 
30. 8 
28. 0 
46. 0 
33.4 

6 
7 
8 
9 

Total 

76 
39 
14 
4 

133 

42. 5 
49. 1 
28. 1 
27. 5 
41. 2 

72 
38 
6 
5 

121 

21.4 
33. 3 
20. 8 
12. 8 
23. 3 

201.83 
68.48 
17.33 
23.40 

311.04 

31.82 
27.55 
59.37 

107.41 
47.64 
29. 86 

8. 74 
193. 65 

31.24 
2. 62 

33.86 

6 
8 

Total 

44 
4 

48 

84. 5 
91. 6 
85. 1 

18 
19 
37 

33. 9 
41. 4 
37. 4 

8 
9 

Total 

29.10 
21.11 
50.21 

16 
13 
29 

33. 0 
36. 9 
34.7 

8 
9 

10 
Total 

20.21 

15.73 
35.94 

18 

18 
36 

53.4 

68. 7 
60. 1 

34.79 
18.60 
75.47 

128.9 

20 
7 

47 
74 

34. 5 
22.6 
37.4 
34. 4 
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TABLE 1. (Concluded) 

Local 
Hour 

0300 

0400 

0500 

0600 

0700 

Flight 

8 
10 

Total 

9 
10 

Total 

10 
13 

Total 

13 
Total 

12 
13 

Total 

8 
Duration 

( 

31.85 
69.26 

101.11 

44.94 
44.94 

30.95 

30.95 

20.78 
20.78 

18.62 

18.62 

C Vidica 

Number 

63 
112 
175 

~ 

122 
122 

62 

62 

23 
23 

24 

24 

Rate 
( n o m )  

~ 

118.7 
97.0 

103.8 

162.9 
162.9 

120.2 

120.2 

66. 4 
66. 4 

77. 3 

77. 3 

~ 

~ 

Image Orthicon 
Duration 

( m i d  

43.28 
68.22 

IPI. 50 

8. 32 
44.16 
52.48 

27.67 
54.92 
82.59 

55.35 
55.35 

4. 2 
4. 2 

~ 

Number 

34 
60 
94 

7 
51 
58 

37 
14 
51 

13 
13 

2 
2 

Rate 
( n o m )  

47. I 
52. 8 
50. 6 

50. 5 
69. 3 
66. 3 

80. 2 
15. 3 
37.1 

26. 0 
26.0 

28. 6 
28.6 

Although a number of flights bordered on the Geminid meteor shower, 
this shower is considered to have been a negligible influence on the great 
majority of the data. The influx of meteors from the 1969 shower does not 
appear to have become a significant factor until after December 10 during which 
less  than 10 percent of the Auroral meteor data was  gathered. Furthermore, 
from Table I it may be seen that the majority of these data, accumulatedduring 
Flights 11, 12, and 13, gathered outside those local hours comprising the bulk 
of meteor data. 

D i rec t  iona I Effects 

A directional analysis was performed upon the data to determine 
whether the results indicated a large component of meteors with orbits of high 
inclination or  a large component originating in the ecliptic plane. The apparent 
direction of each meteor with respect to the monitor was  noted, and compensa- 
tions were made for the varying directions flown by the aircraft. The results 
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shown in Figure 9 are displayed by degrees of true azimuth. A s  all observa- 
tions were made at high altitudes, yet not in excess of 80 deg, high inclination 
meteors would be observed moving primarily towards the South (or  azimuth 
180 deg) . Figure 9 also displays a strong peak for  meteors moving towards 
an azimuth of 330 deg with anuU located at 120 deg. The ratio of the maximum 
to minimum values is a factor of nearly five. No high inclination component 
of meteors of any significance is in evidence. Indeed, the pronounced trend 
of movement northward does indicate the origination of most of the observed 
meteors in the ecliptic plane. 

A complicating factor in the observed directional results is once again 
the possible role played by the Geminid meteor shower. However, because of 
the relatively few observations made during the shower period and the chang- 
ing position of the shower radiant with respect to the aircraft at the various 
times the observations were made, these data affected the overall results 
negligibly. 

Lat i t ud i na I Effects 

Upon examination of the data recorded by the image orthicon, few 
decisive conclusions can be maintained concerning the effects of latitude upon 
meteor flux. While the highest flux ever recorded by this system occurred 
during Flight 10 (nearly 80 in I hr)  , the overall average flux of 28.6 w a s  
slightly below the average collected from previous observations in Huntaville , 
Alabama, latitude 34. 8 deg. A number of factors including the difference in 
seeing conditions, local times of observations , and influence of meteor showers 
occlude the significance of these values to date. 

Comparison of SEC vidicon data taken during the Auroral Expedition 
with other similar observations has only recently been available. Eleven 
hours of data collected with excellent seeing conditions in October 1969,at 
Mt. Hopkins, Arizona, latitude 31.7 deg, show significantly higher fluxes than 
recorded during the Auroral Expedition. Preliminary results indicate the 
Mt. Hopkins data averaged nearly 2.5 times greater than the Auroral results 
throughout similar local times. However, these observations were  not made 
at the zenith. Final analyses of these data a re  pending and will be reported 
in the future. Additional data from other observing sites are presently being 
analyzed to gain better statistics concerning a comparison of fluxes obtained 
at different latitudes. 
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CONCLUSIONS 

The results concerning meteor observations made with low light level 
TV systems during the 1969 NASA Airborne Auroral Expedition indicate that 
the SEC vidicon constitutes a superior meteor detector to the image orthicon 
because of its ability to discern faster moving objects. The meteor flux 
recorded by the SEC vidicon averaged 61.8 meteors per hour while that'de- 
tected by the image orthicon was 27.6 meteors per hour. When displayed with 
local time a strong increase in meteor rates is observed during the early 
morning hours reaching a maximum at 0400 hr. No significant number of 
meteors with high inclination orbits was  observed as the large majority of 
meteors seemed to originate in the ecliptic plane. The fluxes recorded by the 
SEC vidicon a r e  substantially lower than similar results recorded at Mt. 
Hopkins in October 1969, but additional observations are needed to establish 
a definite latitude effect. 

George C. Marshall Space Flight Center 
National Aeronautics and Space Administration 

Marshall Space Flight Center, Alabama 35812, October 29, 1970 
124-09-14-0062 
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APPENDIX 

A detailed listing of meteors observed on the 1969 NASA Airborne 
Auroral Expedition is presented in this appendix. Some of these data (tape 
index, position, brightness, and speed) are  for use primarily by the investi- 
gators to identify particular meteors. The data are  arranged by flight and by 
the camera system used in observation. Each meteor is listed by the following 
categories: 

NO consecutive number of occurrence for each flight 

IND tape recorder index at time of occurrence 

TJ@ universal time of occurrence 

POS position on the monitor where observed 
( L  = left; C = center; R = right; T = top; and B = bottom) 

DIR direction of motion with respect to the monitor. (Values a re  read 
a s  hours on the face of an imaginary clock superimposed on the 
face of monitor with 12  olclock towards the top of the monitor. ) 

BR estimate of brightness ( F  = faint; M = medium; B = bright; and 
+Is and -Is give additional details. ) 

SP estimate of speed ( F  = fast; M = medium; B = bright; and +Is 
and -Is give additional details. ) 

L T S  local time of occurrence 

COR used with image orthicon data only, gives NO of SEC vidicon 
data with which meteor is correlated. 
no correlation made. ) 

(Blank spaces indicate 

1. Below 1000 hr ,  zeroes preceding hour number are omitted. 
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1 0 2 5  
1 7 2 5  
1 9 2 5  
1026 
l n 2 7  
19327 
Io?- 
1(:12? 
l d 3 U  
1 d 3 1  
153 1 
1 b 3 3  
1033 
1 0 3 4  
lS35 
1U36 
1037 
1039 
1 U 3 Y  
1039 
id40 
lQ40 
1iJ4: 
l d 4 2  
1042 
1 U 4 2  
1342 
1 U 4 2  
la42 

P 3 S  
TL 
T L  
C L  
L C  
L P d  

C 
T L  
3 

!i C 
C 

Z C  
L C  
T C  
TL 
R C  
P C  

C 

C 
! Z  P, 

c 
TL  
YL 
BC 
p 2  

C 
C 

1 ::! 
TL 

I: [< 

C 
L 3  
I < =  
TL 
L C  
L C  
O C  
u I : 
TL 
8 L  
UL 
TL 
L C  
L C  
L C  
;3 c 

,-i r ,'.L 

r L 

t:. r i  
-;, * .  

0 I ii 
1 

2 
5 
2 
1 
4 
3 
2 

2 
7 
5 
2 
5 
2 
5 
1 

12 
2 

11 
3 
5 

11 
6 

1 3  

1 
12 
13 
1 
t: 

1 L  
3 

12 
b 
12 
12 

2 
6 
1 
4 
1s 

b 
Y 
1 
9 

11 
9 

7 
L 

L 

3 c 

L r? 
F 
F 
F 
F 

F 
F 
n 
F 
F 
c 

:.I+ 
F 
F 
F 

F 
F+ 
F 
F 

F+ 
F 
F 
F 
F 
F 
F 
F 
F 
F 

F 

F 

C 

c 

F 
F 
F 
F 
F 
F 
F 

i'.? + 
F +  

F 
f +  

F 
I 4 

F+ 
F 

F+ 
F 

SP 

F 
F 
S 
F 

C I 

r 
h ?; + 

' I  

F 
F 
F 
S 
F 
F 
F 
F 
I: 

F 
i.1 

c J 

'.' 
r 

'1 

. I  

F 

F 

F+  
F 
lyl 

S+ 

;4 
F 
F 

F 

F 
'11 

c 
1- 

I 'I 

. .  
I'.l 

L T  c 0 I? 
3 2 2  
323 
3 2 3  
3 2 3  
324 
324 
3 2 (t 
324 
324 
3 2 5  
326 
327 
3 2 7  
327 
3 2 9  
3 2 9  
3?.9 
3 2 3  
3 2 3  
2 2 9  
3 3 a  
3 3 0  
3 3 3  
331 
231 
7 3 1  
2 3 2  
3 3 2  
3 3 5  
3 3 7  
3 3 7  
3 4 9  
34u 
3 4  1 
3 4 3  
344 
346 
3 4 9  
3 4 5  
343 
35u 
35t1 
352 
353 
3 5 3  
3 5 3  
353 
3 5 3  
3 3 3  
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IIIIIIIIIII I I I 

NO 
1 2 1  
1 2 2  
123 
1 2 4  
1 2 5  
126 
1 2 7  
128 
12Y 
1 3 0  
1 3 1  
1 3 2  
1 3 3  
1 3 4  
1 3 5  
1 3 6  
1 3 7  
1 3 8  
1 3 3  
1 4 U  
141 
1 4 2  
14 3 
144 
145 
1 4 6  
1 4 7  
1 4 8  
1 4 9  
151) 
1 5 1  
1 5 2  
1 5 3  
1 5 4  
1 5 5  
1 5 6  
1 5 7  
1 5 8  
1 5 9  
1 6 0  
161 
1 6 %  
163 
1 6 4  
1 6 5  
166 
1 6 7  
168 
169 

I I.4 D 
9 4  1 
9 4 2  
9 4 5  
9 5 4  
9 5 6  
9 5 7  
3 5 4  
9 6 9  
9 7 3  
9 7 4  
980  
9 8 1  
9 8 4  
9 5  1 
9 9 4  
9Y 7 
9913 

l a u d  
1003 
1 0 0 4  
100s 
1907 
131  1 
1017 
1 0 2 u  
1 0 2 1  
1 0 2 2  
1 0 2 4  
1 0 3 5  
103.7 
l U 3 t i  
lO5U. 
1 0 5 2  
1 0 5 9  
1 0 6 3  
1 0 6 4  
1 0 6 5  
1 9 7 8  
1 0 8 2  
1 0 8 2  
1083 
l o t 4  
1 0 8 6  

1 0 8 9  
1090 
10'3 6 
1 1 0 1  
1102 

i o m  

UT 
1 0 4 3  
1 0 4 3  
1 0 4 3  
1 0 4 4  
1 0 4 4  
1 0 4 4  
1 0 4 5  
1 0 4 6  
1 0 4 6  
1 0 4 6  
1 0 4 7  
1 0 4 7  
1 0 4 7  
1 0 4 8  
1 0 4 5  
l 0 4 Y  
1 0 4 9  
1 3 4 9  
1 0 4 9  
1 0 4 9  
1051) 
105"  
l d 5 0  
l U 5 1  
1u51 
lU5 1 
1 0 5 1  
1 0 5 2  
1 0 5 3  
1 0 5 3  
10s3  
1954  
1 0 5 5  
1055 
1056 
1 0 5 6  
1 0 5 6  
1d5- f  
1 0 5 8  
1 0 5 8  
1058  
1 0 5 8  
1058 
1 0 5 9  
1 0 5 9  
1 0 5 9  
105Y 
1100 
1 l i ) U  

P os, 
C T  
L C  
L B  
T C  

C 
T ic  
L C  
L C  
I3 c 
L C  
L B  
LC 
L C  

R B  
L C  

C 
L C  
f! c 
u c 
LT 
L C  
R C  
Ii C 
TL 
b C  
T L  
SC 
U L  

C 

L C  
E3 c 
U L  
:?, C 
T L  
H I? 
R C  
L C  

CIC 
T I? 

C 
LT 
R C  
K C  

C 
L% 
L C  

Le 

r< T 

r + 

D I l i  E3 l i 
1 0  F 
11 F 
2 F+ 
12 F+ 
1 F 
3 F 
1 VF 
2 F+ 
3 F+ 
8 F+ 
5 B 
11 F 

8 F+ 
10 F 
11 F+ 
1 F+ 
10 F+ 

2 F 
1 F 

1 2  F 
11 F 

8 F+ 
4 F+ 
9 f 
1 F 
5 F 
3 F 
7 F 

11 F 
2 F 

1 2  F 
11 :4 
4 F+ 
12 F 
1 F 
d F +  

1 c )  F 
1 F 

11 ,.+I 
2 F 
11 F+ 

Y F 
1 1  F 

9 F 
1 F 

12 I= 
11 F 

1 F 
7 :Jl 

SP 
I .'I 
F 
F 
F 
F 
F 
F 
F 

LT CClR 
355 
3 5 5  
3 5 5  
3 5 6  
3 5 6  
3 5 6  
3 5 8  
3 5 9  
3 5 9  
3 5 9  
4 0 1  
4 0  1 
4 U 1  
4 0 2  
402 
4 0 4  
4 0 4  
4 0 4  
4 0 4  
41)4 

4 0 5  
4 0 5  
4 0 5  
40 7 
4u 7 
4 0 .-I 
4 u 7  
4c1b 
4 1 0  
410 
4 1 0  
411 
4 1 3  
4 1 3  
414 
414 
414 
4 1 6  
4 1 7  
4 1 7  
4 1 7  
4 1 7  
417 
4 1 9  
4 1 9  
4 1 9  
4 1 4  
420 
4 2 0  
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NO 
170 
171 
172 
173 
174 
175 
1 '7 6 
177 
178 
179 
180 
181 
182 
183 

185 
186 

188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
19 8 
1YY 
200 
201 
202 
203 
204 
205 
206 
207 
208 
2 0 9  
210 
211 
212 
213 
214 
215 
216 
217 
518 

la4 

la7 

I PI0 
1103 
1105 
1107 
1110 
1112 
1124 
1130 
1132 
1133 
1136 
1139 
1139 
1141 
1142 
1142 
1143 
1145 
1158 
1162 
1168 
1168 
1179 
1180 
1184 
1193 
i201 
1204 
1205 
1206 
1208 
1210 
1215 
1 2 2 2  
1227 
1227 
1230 
1236 
1238 
1240 
1241 
1242 
1246 
1249 
1263 
1264 
1268 
1270 
1271 
1273 

U T  
1100 
1100 
1101 
1101 
1101 
1103 
1103 
1104 
1104 
1104 
1104 
1104 
1105 
1105 
1105 
1105 
1105 
1106 
1107 
1108 
1108 
1109 
1109 
1109 
1111 
1111 
1112 
1112 
1112 
1112 
1112 
1113 
1114 
1114 
1114 
1111, 
1115 
1116 
1116 
1116 
1116 
1117 
1117 
lllY 
1119 
1119 
1119 
1120 
1120 

PUS 
L C  
T L  
L C  
U L  
T L  
L C  
f3C 
B L  
T R 
L C  
B L  
EIL 
B L  
T L  
KB 
RC 
L C  
RC 
H C  

C 
LT 
BC 
T C  
t3C 
HT 
t.3 li 
HC 
t! L 
u I< 
T L  
t3 i i  
T C  
T k 
L C  
T C  
T C  
L C  
T C  
T C  
RC 

B L  
T L  
L B  
L C  
BL 

C 
Tic 
T I< 

r i  c 

BK 
11 1- 

2 F 
12 Y 
4 F 
3 F 
12 !vl + 
9 F +  

l a  
11 F 
11 F 
6 
11 F 
7 
8 F 
12 F 
9 M 
9 F 
i3 F+ 
2 F 
8 
7 F 
9 
9 F 
7 

l i  p.1- 
7 VF 
7 F+ 
5 F+ 
8 F 

lc, F 
8 F 
4 F 
tj F 
-7 F+ 
5 F 
12 F 
a F 
7 F 
9 F 
7 F 
3 F+ 
4 F 
7 F 
El F 
3 F 
7 F 
7 F+ 
6 F 
8 F 

c 

D I l3 

c 

SP 
F 
pi 
f 
M 
F 
F 
F 

F 

s 

F 
1'1 

F 
F 
F 

F 

F 
1\1 
i 

F 

L T  coli 
420 
420 
422 
422 
422 
425 
425 
426 
426 
426 
426 
426 
428 
428 
428 
428 
428 
430 
432 
434 
434 
4 3 5  
435 
435 
438 
438 
439 
4 3 9  
439 
439 
439 
44;) 
441 
44 1 
44 1 
442 
442 
443 
443 
443 
443 
444 
444 
447 
447 
44 7 
44 7 
446 
443 
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:i 0 
219 
220 
2 2 1  
2 2 2  
223 
2 2 4  
225 
2 2 6  
2 2 7  
2 2 6  
2 2 5  
2 3 0  
2 3 1  
232 
2 3 3  
234 
2 3 5  
2 3 6  
2 3 7  
238 
2 3 9  
2 4 0  
2 4 1  

;t; 
2 4 4  
2 4 5  
2 4 6  
2 4 7  
2 4 8  
2 4 9  
2 5 0  
2 5 1  
2 5 2  
2 5 3  
2 5 4  
2 5 5  
2 5 6  
2 5 7  
2 5 8  
2 5 9  
2 6 0  
2 6 1  
262 
2 6 3  
2 6 4  
265 
2 6 6  
267  

I ‘:iJ 
1 2 7 5  
1 2 7 6  
1 2 7 6  
1 2 7 7  
127& 
1 2 7 8  
1 2 7 &  
1 2 7 9  
1 2 7 9  
1 2 8 0  
1 2 8 1  
1 2 9 0  
1 2 9 3  
1 2 9 7  
12Y7 
1 2 9 7  
1 2 9 8  
1 3 0 1  
1 3 0 3  
1 3 2 0  
1 3 2 4  
1 3 2 7  
1 3 3 1  
1332 
1 3 3 4  
1 3 3 5  
1 3 3 9  
1 3 4 3  
1 3 4 5  
1 3 4 6  
1 3 4 6  
1 3 4 8  
1 3 5 3  
1355 
1 3 6 8  
1 3 7 4  
1 3 7 4  
1 3 7 7  
137U 
1300 
1385 
1 3 8 8  
1 3 9 1  
1 3 9 4  
1 3 9 8  
1 4 0 2  
1 4 1 3  
1 4 1 3  
1 4 1 7  

J T  
1 1 2 0  
1 1 2 0  
1120 
1120 
1 1 2 0  
l l Z U  
1 1 2 0  
1121 
1 1 2 1  
1 1 2 1  
1 1 2 1  
1 1 2 2  
1 1 2 2  
1 1 2 3  
1 1 2 3  
1 1 2 3  
1 1 2 3  
1123 
1 1 2 3  
1125  
1 1 2 6  
1 1 2 6  
1 1 2 7  
1 1 2 7  
1 1 2 7  
1 1 2 7  
1 1 2 3  
1 1 2 8  
1 1 2 8  
112Y 
1129  
1 1 2 9  
1 1 2 9  
1 1 3 0  
1 1 3 1  
1 1 3 2  
1132 
1 1 3 2  
1132 
1133 
1 1 3 3  
1 1 3 4  
I134 
1 1 3 4  
1 1 3 5  
1 1 3 5  
1 1 3 7  
1 1 3 7  
1137 

P O 5  
C 
C 
C 
C 
C 

BC 
C 

R C  
bC 

C 
L C  
bL 
t3C 

C 
L T  
T C  
LjC 
L 3  
L C  
T C  

C 
RC 
C L  
T L  
RC 
TI3 
Bk 
T L  
R C  
HC 
T R  
T L  
T L  

C 
BC 
B L  
b C  
BR 

C 
LB 
LU 
T R  
LB 
T l i 
BC 
C 

RC 
B L  
BL 

D I H  B li 
B F 
1 F+ 
7 F 
9 F 
8 F 
4 3 
3 F 
4 F 
7 F 
7 F 
4 M 
& 4 
10 F +  

7 F 
IC, F +  

7 F 
7 F 
7 F+ 
7 F 
4 ivl 
9 F 
6 F 

10 F 
2 F 
8 F 
4 F+ 
6 F 
10 F 
1 F 

1 F 
9 F 
1 M- 
8 F+ 
7 F+ 
a F1- 
7 M 
6 F 
4 F 
8 M 

11 F+ 
5 M 
10 F 
4 F 
7 F 
2 F+ 
4 Y+ 
7 8’4 

11 F 

7 a 

SP 

VF 
F 

F 

F 
f 
Ivl 
F 
F 
F 

vs 
M 
F 
F 
F 
F 
Pi 
F 
F 
M 
F 
F 
F 
M 
F 
M 
PI 
1y 
M 
F 
F 
F 
F 
M 
F 
s 

L T  COR 1 

4 4 8  

4 4 8  
4 4 8  

4 4 8  
44u 
4 4 3  
44t1 
44Y 
44Y 
4 4 9  
4 4 Y  
4 5 0  
4 5 0  
4 5 1  
4 5 1  
45 1 
45 1 
4 5 1  
45  1 
4 5 4  
455 
4 5 5  
4 5 6  
4 5 6  
4 5 6  
4 5 6  
4 5 7  
45  7 
45’7 
4 5 6  
4 5 8  
458 
4 5 8  
4 5 9  
500 
5 0 1  
5 0 1  
5 0 1  
5U1 
5 0 3  
5 0 3  
5 0 4  
5 0 4  
5 0 4  
5 0 5  
5 0 5  
5 0 7  
5 0 7  
5 0 7  

I 
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NO 
268 
2 6 9  
270 
271  
272 
273  
274 
275 
276 
277 
2 7 8  
279 
280  
2 8 1  
282 
283 
284 
285 
286 
287 
288 
2 8 9  
290 
2 9 1  
292 
293 
294 
295 
296 
297 
298 
299 
300 
3 0 1  
302 
303 
304 
305 
306 
307  
308 
309 
310 
3 1 1  
312 
3 1 3  
3 1 4  

I MD 
1420 
1421  
1425 
1429 
1435 
1437 
1438  
1142 
1445 
1446 
1448 
1449 
1452 
1452 
1452 
1463  
1467  
1469 
1 4 7 3  
1473  
1482 
1487  
1493 
1494 
14Y6 
1504 
1507 
1510 
1515 
15 16 
1519 
1522 
1528 
1532 
1542 
1546 
1552 
1573 
1579 
1580  
1 5 8 2  
1582 
1595 
1597 
1599 
1602 
1606 

U T  
1138 
1138 
1138 
1139  
1140 
1140  
1140 
1140 
1 1 4 1  
1 1 4 1  
1141  
1 1 4 1  
1142 
1142 
1142 
1 1 4 3  
1144  
1144  
1144  
1144 
1145 
1146 
I 1 4 7  
1147  
1147 
1140 
i i4Y 
1149 
i I50 
1150 
1150 
1 1 5 1  
1151  
1152 
1153 
1154  
1154 
1157 
1153 
1158 
115e  
1158 
1200 
1200 
1 2 0 1  
1 2 0 1  
1 2 0 1  

POS 
T L  
TL 
R c 
L C  
L C  
BR 
T U  
BC 
UR 
TR 
L C  
T R  
T U  
C 

t3K 
C 

t3L 
T L  
L C  
L C  
L C  
B C  
BR 
LC 

C 
BC 
T K  
8C 

C 
BTi 
HR 
B C  
L C  
T R  
BC 
T R  

C 
T C  
R C  
R C  
T L  
LC 
LB 
BC 

C 
c 

T R  

D I R  
11 

8 
5 
5 
4 
3 
6 
7 
7 
7 
t4 
7 
0 
7 

11 
10 

2 
b 
4 
0 
2 

11 
8 

10 
6 
2 
7 
8 
4 
7 
8 
e 
4 
4 
5 
7 
6 
3 
6 
8 
6 
8 
5 
8 
8 
8 

a 

BH 
F 
F 
F 
F 
F 
0 

F+ 
F+ 

F 
8 
F 
tvl 

M 
F 
M 

F+ 
F 
F 
F 
F 
F 
F 
M 
F 

F+ 
F 
F 

F+ 
F 
F 
F 
B 
M 
F 

F+ 
M- 
M+ 
F+ 
M+ 

F 
F 
M 
F 

M- 
F 
F 
M 

SP 
F 

F 
F 
F 
S 
F 
F 
F 
F 
Iy F 

F 

S 

F 
F 
F 
M 
F 
S 
F 
F 
F 
F 
M 
F 
M 
F 
S 
M 
M 
M 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 

LT COH 
508 
508 
308 
509 
510 
510 
510 
510 
512 
512 
512 
512 
513 
513  
5 1 3  
514 
515 
515 
515 
515 
516 
517 
518 
518 
318 
520 
5 2 1  
521 
522 
522 
522 
5 2 3  
5 2 3  
524 
526 
527 
527 
532 
533  
533  
5 3 3  
533 
536 
536 
537 
537 
537 
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NO 

NO 
1 

2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4 
1 5  
16 
17 
18 
19 
20 
2 1  
2 2  
2 3  
24 
2 5  
26 
27 
2 R  
7 9  
30 
3 1  
3 2  
3 3  
34 
3 5  
'36 
37 
38 
3 0  
/ I .  0 
41 
4 ? 
43 
4 4 
4 5 
4 6  

42 

F L I G H T  10 

I r.1 o 
30 

I i\!D 
40 
57 
79 
P 8  

1 3 2  
1'32 
1 4 r3 
144 
1 4 7 
1?3 
2 n e  
2 2 5  
2 3 3  
308 
388 
399 
4 4 9 
454 
455 
480 
49 1 
507 
5 3 3  
5G9 
574 
592 
6 9 3  
622 
706 
707 
770 
739 
7 3 9 
7 5 4 
759 
762 
7 9 0 
7 8 3  
79 1 
792 
'7.08 
P . ? 3  
8 4 5  
856 
R68 

.I 0 

U T  
821 
UT 
822 
823 
824 
825 
820 
R 2 R  
829 
829 
A29 
832 
8 3 4  
R 3 5  
8 4  1 
942 
8 5 0  
851 
8 5 5  
856 
856 
8 5 7  
8 5 3  
30C 
904 
90 7 
907 
909 
910 
912 
920 
920 
92 1 
923 
923 
324 
92 5 
? 2 5  
Y27 
927 
0 2 8  
923 
929 
9 3 2  
9 3 4  
9 3 4  
33 6 

PUS 
I3 L 

PUS 
T L  

C 
TI? 
T R  
T C  
L C  
T C  

C 
F3L 
EC 

C 
T r< 
P. r! 
ER 

C 
D C  
L C  
B R  
T L  
B H 
BL 

C 
R C  

C 
L C  
T L  
TL: 

C 
R C  
T C  

C 
L T  
L T  
T C  
BL 
O K  
TL 
Tf?  
T R  
L C  
R C  
R C  
R C  
TL 
RC 

D I R  
5 

D I R  
8 
6 
10 
9 

1 1  

S 
10 
6 

10 
4 
4 
7 

11 
2 
3 
9 
2 
5 
9 

7 
2 
3 
2 
5 
9 
5 
7 
3 
9 
5 
8 
4 
3 
4 

1 1  
4 

1 1  
2 
3 
3 

1 2  
10 
3 

a 

a 

B l i  
F+ 
BR 

F 
F 
M 

VF 
F 
F 
Y 
Y 

Y+  
F+ 
F+ 

F 
9- 

B 
M 
F 
M 
F 
F 
M 
B 
M 

F+ 
F 
€3 

F+ 
F+ 
F+ 

B 
F+ 

h? 
F 
F 

F +  
B 
R 
F 

F+ 
"! 
M 
9 
F 
v 
Y 
13 

SI-' 
M 

S P  
M 
F 
F 
F 
F 

F 
P: 
"I 

M 
5 
S 
F 
F 
F 
M 
M 
F.1 

F+ 
5 
F 
F 
F 
M 
M 
F 

S+ 
S 
F 
S 
F 
S 

rq + 
F 
5 
F 
F 
F 
F 

".1+ 
F 

S+ 
F 

b.4 - 
, a  

rn 

b.4 
4 ,  

L T  COR 
214 
L T  COR 
2 1 5  
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contribution to existing knowledge. 

TECHNOLOGY UTILIZATION 
PUBLICATIONS: Information on technology 
used by NASA that may be of particular 
interest in commercial and other non-aerospace 
applications. Publications include Tech Briefs, 
Technology Utilization Reports and 
Technology Surveys. 
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"i3etails on the availability of these publications may'.be. obtained from: 

SCIENTIFIC AND TECHNICAL INFORMATION. OFFICE 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
Washington, D.C. PO546 


